Infection of the human B cell line JOK-1 with herpes simplex virus type 1 persisted over a period of more than 12 months (to date). Although limited cytopathic effects were seen, viral infection did not lead to extinction of the culture. Infectious centre assays, performed at various times after infection, revealed that only a small proportion of cells (1 to 10 %) produced infectious virus particles. However, immunofluorescence studies showed that at any given time considerably more cells than calculated by infectious centre assays contained the immediate early viral protein ICP4 and expressed viral glycoproteins. These observations were confirmed by in situ hybridization analyses which revealed the presence of viral DNA even in cells not producing infectious particles. Since no evidence for the involvement of interferon could be found, some other so far unknown intrinsic property of the ceils must be responsible for the restriction of virus replication and/or maturation.
Herpes simplex virus (HSV) is usually cytopathic for susceptible cultured cells but persistent infections have been reported in a variety of cultured cell lines of haematopoetic origin (Levine et al., 1980; Biswal et al., 1983 ; Cummings et al., 1981 ; Floyd et al., 1971 ; Hammer et al., 1981 ; Henle et al., 1969; Leinbach & Summers, 1979; Rinaldo et al., 1979; Robey et al., 1976; Roumillat et al., 1980) . The mechanisms underlying this phenomenon in most cases are not understood. In our laboratory persistent replication of HSV in murine macrophages has been observed (Domke-Optiz et al., 1987) and it was shown that in this model endogenous interferon production played a crucial role in the restriction of virus growth. In the present study we describe HSV replication in JOK-1 cells, a human B cell line derived from a patient with hairy cell leukaemia (Anderson et al., 1983) . In contrast to most other systems described so far, JOK-1 cell cultures survived initial infection despite producing high titres of HSV and became persistently infected. We have initiated studies to analyse the mechanism which leads to the establishment of persistent replication and to provide evidence that an intrinsic cell property restricts the production of infectious particles.
JOK-1 cells were cultured in RPMI 1640 medium (Gibco), supplemented with L-glutamine (2mM), sodium pyruvate (1 raM), penicillin (100 international units/ml), streptomycin (100 ~tg/ml) and heat-inactivated foetal calf serum (10%) in 80 cm 3 plastic flasks (Falcon, Becton-Dickinson). For subcultures cells were diluted in culture medium at 3 or 4 day intervals. Viability of cells was determined by trypan blue dye exclusion. A pool of HSV-1 strain Angelotti was prepared as previously described (Thiele & Kirchner, 1988) . For infection cells were washed twice with Hanks' balanced salt solution and incubated with HSV at m.o.i.'s ranging from 0-05 to 100 p.f.u./cell. Virus was allowed to adsorb for 30 min. After two washes with Hanks' balanced salt solution to remove residual non-adsorbed virus particles, cells were cultured at a density of 2 x 105 to 3 x l0 s cells/ml. Samples for virus titration were removed at the indicated times and stored at -70 °C until used for assay of virus yield. Virus titres were determined by a plaque assay using RITA cells of African green monkey kidney origin (RC-37 RITA; Italdiagnostics).
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To assess the number of cells expressing viral antigens we performed immunofluorescence analyses using a monoclonal antibody raised against the viral immediate early antigen ICP4 (Showalter et al., 1981) and a rabbit polyclonal antiserum raised against the viral glycoproteins (Dakopatts). Before staining cells were pelleted onto slides by centrifugation and fixed with methanol for 5 rain followed by acetone for 1 min at -20 °C. For staining, cells were incubated for 30 min at room temperature with a 1 : 10 dilution of the monoclonal antibody or a 1 : 250 dilution of the polyclonal antiserum, both in culture medium containing 5 ~ Pentaglobin (Biotest). After three washes, cells were stained for another 30 min at room temperature with a 1:25 dilution of a fluorescein isothiocyanate-conjugated F(ab')2 fragment of an anti-mouse or anti-rabbit antibody (Dianova). In situ hybridization was performed as described by Stroop et al. (1984) . Briefly, cells persistently infected with HSV-1 and mock-infected control cells were mounted on aminopropyltriethoxysilane-treated microscope slides by cytospin centrifugation. Following fixation with 4 ~ paraformaldehyde, slides were incubated in 20 mM-Tris-HC1 pH 7.4 and 2 mMCaC12 containing 1 ~tg/ml proteinase K, as described (Brahic & Haase, 1978; Brahic et al., 1981) . Slides were rinsed twice in 2 x SSC and subsequently incubated in a solution of 100 ~tg/ml of RNase (pretreated at 80 °C to inactivate DNase activity) in 2 x SSC for 15 min at 37 °C. After fixation in 4~ paraformaldehyde, slides were washed twice in phosphate-buffered saline, heated at 65 °C for 15 min in 0. l x SSC and 95 ~ formamide and subsequently cooled in ice-cold 0-1 x SSC. Finally, samples were dehydrated in graded ethanol solutions. Prehybridization was done in a solution containing 50~ formamide as described by Shivers et al. (1986) at 37 °C for 3 h. Slides were dipped twice in 2 x SSC, air-dried and hybridized (Shivers et al., 1986) overnight at 55 °C to the 2-4 kb EcoRI fragment of the viral thymidine kinase (TK) gene (P/Jim & Knippers, 1985) which had been oligolabelled with [35S]dCTP (New England Nuclear). After hybridization, slides were washed in 2 x SSC containing 50~ formamide at 55 °C for 3 h. Washing solution was changed every 30 min. After dehydration in graded ethanol solutions containing 0.6 M-ammonium acetate, slides were dipped in Kodak NTB-2 liquid emulsion diluted 1 : 1 in 0.6 u-ammonium acetate. After 2 weeks exposure slides were stained with the Diff-Quik kit (Merz & Dade). Analysis of slides revealed an average background of 10 grains/cell. Consequently, all cells containing more than 20 grains were considered to be positive for the HSV-1 TK gene.
Infection of JOK-1 cells with HSV-1 at various m.o.i, values (0.05 to 100 p.f.u./cell) did not lead to generalized cell death but gave rise to a persistently infected culture producing infectious virus over an extended time (Fig. 1) . So far, persistent infection has been followed for more than 12 months with no loss of cell viability. Changes in morphology indicating restricted cell lysis became evident as early as 24 h after initial infection and has been observed during the whole culture period to date. The overall percentage of viable cells as monitored by trypan blue exclusion, however, was comparable to that observed with mock-infected cultures. This indicates the possible existence of non-infected proliferating cells which give rise to the continuous growth of the infected culture.
Since there was a continuous release of infectious HSV-1 into the medium which did not impair expansion of the infected culture, it was of interest to determine the proportion of cells actually producing infectious virus particles. This was analysed as described previously (Teute et al., 1983) by using an infectious centre assay (ICA) using RITA cells as the indicatGr cell line. It became evident that only 1 ~ of the cells of the infected culture produced infectious particles 24 h after initial infection. As shown in Table 1 the number of virus-producing cells did not increase to more than 5 ~ at any time point tested. As also seen from Table 1 , in an infected culture a significantly higher number of cells stained positive for ICP4 and for viral glycoproteins than gave rise to infectious centres. With the establishment of persistence the number of antigen-positive cells and the number of cells producing infectious virus particles increased, although the first exceeded the latter by far.
In situ hybridization was performed to detect those cells in persistently infected cultures which contained the entire viral genome or parts.of it. Viral DNA was detected in approx. 36 ~ of cells in persistently infected cultures (Table 1 ). The HSV-positive cells could be divided into three groups according to the number of grains detected per cell: group 1, 20 to 40, group 2, 40 to 60 and group 3, 60 to 80 grains. Of the total cells, these groups constituted 29.9, 1.5 and 4.8~ respectively; about 60~o of the cells contained less than 20 grains and were referred to as uninfected. We believe cells of the first group to be abortively infected whereas cells of the second and third groups may represent those cells which produce infectious particles. By comparing these data with those obtained by the ICAs and immunofluorescence analyses, the persistently infected cell culture analysed 123 days after initial infection depicted in Table 1 showed approx. 36~ ICP4-positive cells, 28~ glycoprotein-positive cells and only 5~ virusproducing cells. Peripheral blood lymphocytes have been shown to become permissive to lytic HSV infection upon activation by mitogenic agents or Epstein-Barr virus (Braun et al., 1984; Kirchner et al., 1977; Kirchner & Schr6der, 1979; Thiele & Kirchner, 1988) . We have analysed HSV replication in various human B cell lines, and with the exception of JOK-1 cells all B cell lines were lysed by HSV after some days in culture (data not shown). Only JOK-1 ceils underwent a persistent HSV infection. Although producing high titres of virus particles, the cells survived and continued to grow for more than 1 year. Three categories of cells can be distinguished in persistently infected JOK-1 cultures: (i) a small number of cells are lysed and produce virus particles; (ii) a much higher number of infected, i.e. viral DNA-containing cells, express viral antigen but do not produce infectious particles; (iii) a group of proliferating cells which do not harbour the viral genome were revealed by single cell cloning of infected cultures (data not shown). This third group are resistant to HSV-1 infection and so guarantee the long-term survival of infected JOK-1 cultures. However, it may be suggested that eventually some of these cells will lose their resistance and will become permissive for lytic and abortive infection. This hypothesis is confirmed by our finding that infection of clones derived from virus-infected JOK-1 cultures resulted in the establishment of persistent virus replication indistinguishable from that obtained in the original culture (data not shown). The mechanism of HSV persistence is presently unknown. Interferon has been shown to be important in persistent infection of macrophages (Domke-Opitz et al., 1987) . In our experimental system investigation by anti-interferon treatment and Northern blot analyses (data not shown) shows that interferon does not seem to be involved in the maintenance of peristent HSV-infection. The possibility that resistance/sensitivity of JOK-1 cells to HSV-1 infection depends upon distinct cell cycle phases is presently under investigation in our laboratory.
